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Introduction 

I t  i s  generally considered t h a t  v i t r i n i t e ,  the principal maceral i n  most 
Hence l ign in  should be one 

The purpose of t h i s  paper i s  t o  report  w h a t  we bel ieve t o  be 

coa ls ,  represents coa l i f ied ,  par t ly  decayed wood. 
of the important precursors t o  the v i t r i n i t e s  i n  coals. Accordingly, i t  would 
be in te res t ing  t o  know whether any chemical f o s s i l s  re la ted t o  l ign in  could be 
found in coals .  
a successful search f o r  such f o s s i l s .  The experimental approach exploi ted a 
degradation reaction developed i n  a study of s o i l  humic acids by Burges e t  a1 . l  

This react ion involves a reduction degradation w i t h  sodium amalgam and 
hot water. Thin layer  chromatography of the e ther  soluble  par t  of the product 
( y i e l d ,  about 20%) showed the presence of a number of phenols and phenolic 
ac ids ,  most of whose s t ruc tures  bore obvious relat ionships  t o  known microbial 
and chemical degradation products of l ignin ( I )  b u t  some t o  the  A r ing of f l a -  
vonoids (11). 

R. OH 

I 
OH OH 

where R1 = COOH, CHO, -CH=CH-COOH, -CH-CO-COOH, e t c . ;  R 2  = H or  OCH3 o r  OH; 
R3 = H or OCH3 o r  OH.  
o r  3 carbon atoms, i n  various s t a t e s  of oxidation. Burges e t  a l .  therefore  
Concluded t h a t  the humic acids  they studied were condensates of phenolic com- 
pounds from the degradation of plant  products w i t h  amino acids  ( see  a l s o  Flaig ) .  

Humic acids  can be extracted from peats and l i g n i t e s  b u t  n o t  from b i t u m -  
inous coals. 
acid generates in  high y ie ld  (80-110% by weight) mater ia ls  t h a t  c lose ly  resemble 
humic acids3. 
while on leave of absence from his  I n s t i t u t e ,  the  Burges reductive degradation 
was applied t o  humic acids  extracted from some peats and l i g n i t e s ,  and produced 
by oxidation of a number of bituminous coals .  
products were made by gas chromatography with co-inject ion of s tandards,  b u t  
a t  t h a t  time f a c i l i t i e s  were only ra re ly  avai lable  t o  permit confirmation by 
mass spectrometry. 
by another of the authors (S.R.) ,  who a l s o  studied a wider range of coals  ( t o -  
t a l l i n g  43 samples). 

I t  i s  proposed in t h i s  preliminary publication t o  describe the experimental 
procedures and t o  give a s u f f i c i e n t  se lec t ion  of the data t o  show w h a t  was found 
by co-injection and l a t e r  confirmed by mass spectrometry. 

The R1 group may represent a s ide  chain of 1 ,  2 ( r a r e l y )  

However, oxidation of bituminous coals w i t h  aqueous performic 

In preliminary s tudies  performed some years ago by one of us (J.B.) 

A number of i d e n t i f i c a t i o n s  of 

. 
Such confirmation has been more f u l l y  obtained recent ly  
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The major  c o a l  measures of t he  Un i ted  States were l a i d  down e i t h e r  i n  
t h e  Carboniferous e r a  (ca. 300 in. years B.P.), o r  i n  the  Cretaceous and Ter- 
t i a r y  (130-60 m. y e a r s  B.P.). Between these two e ras  a g r e a t  dea l  o f  evolu-  
t i o n  occurred i n  t h e  p l a n t  kingdom; associated w i t h  t h i s  were some changes 
i n  t h e  na tu re  o f  groups R2 and R3 i n  s t r u c t u r e  I above. 
s t a t e d  the  f a c t ,  we need n o t  pursue t h i s  m a t t e r  here. 

However, hav ing 

Ex per imenta 1 

Humic a c i d s  were e x t r a c t e d  from peats and l i g n i t e s  w i t h  0.5N sodium 

The o x i d a t i o n  o f  coa ls  w i t h  aqueous pe r fo rm ic  a c i d  i s  h i g h l y  exothermic. 

hydrox ide f o l l o w i n g  s tandard procedures. 

F i v e  gm o f  coal  was d ispersed i n  50 m l  o f  anhydrous f o r m i c  ac id ,  and 50 m l  
o f  30% hydrogen pe rox ide  was added i n  2 m l  p o r t i o n s  a t  such a r a t e  t h a t  t h e  
temperature d i d  n o t  exceed 55°C 
f o r m i c  a c i d  suspension was cooled i n  i c e  d u r i n g  t h e  a d d i t i o n  o f  H202). The 
m i x t u r e  was then a l l o w e d  t o  s tand a t  room temperature w i t h  s t i r r i n g  f o r  24 
hours. The washed and d r i e d  s o l i d  product  was e x t r a c t e d  w i t h  1N NaOH under 
n i t r o g e n  and c e n t r i f u g e d .  
t o  pH 1. The washed and d r i e d  humic ac ids  were red i sso l ved  i n  a l k a l i  and, 
f o l l o w i n g  t h e  procedure o f  Burges e t  a l . 1 ,  t r e a t e d  w i t h  3% sodium amalgam 
w h i l e  the s o l u t i o n  was heated i n  an o i l  bath a t  110-115" f o r  4-5 hours. 

(however, i n  t h e  e a r l i e r  phase,the coa l /  

The e x t r a c t  was p r e c i p i t a t e d  by a c i d i f i c a t i o n  

A f t e r  removal o f  mercury, t h e  r e s u l t i n g  s o l u t i o n  was a c i d i f i e d  t o  pH 1 
and cen t r i f uged ;  t h e  supernatant  was c a r e f u l l y  removed and t h e  res idue  ex- 
t r a c t e d  t w i c e  by c e n t r i f u g a t i o n  w i t h  e t h e r  and t w i c e  w i t h  methylene c h l o r i d e .  
Solvents were removed and t h e  res idues mixed. The res idues were t r e a t e d  
wi th  S y l o l  HTP reagen t  (Supelco, I nc . ,  Be l l e fon te ,  Pa.) under t h e  cond i t i ons  
recommended f o r  c o n v e r t i n g  phenols t o  t r i m e t h y l s i  l y l  e the rs  and c a r b o x y l i c  
a c i d s  t o  t h e  corresponding es te rs .  

Experiment showed OV 101 column pack ing (3% on 80/100 mesh Supelcopor t )  
t o  be the  most e f f e c t i v e  f o r  gas chromatography o f  t h e  s i x  packings tes ted .  
GC analyses, w i t h  and w i t h o u t  c o - i n j e c t i o n  o f  standards, were performed w i t h  
a Hewlett-Packard No. 5750 inst rument ,  equipped w i t h  f lame i o n i z a t i o n  detec-  
t o r s .  GC/MS analyses i n  t h e  l a t e r  phase were made b y  M r .  David M. Hindenlang, 
u s i n g  a Finnegan model 3000 ins t rumen t  under the  charge o f  D r .  L a r r y  Hendry 
o f  t h e  Chemistry Department o f  t h i s  U n i v e r s i t y .  
used. The GC/MS i ns t rumen t  was prov ided w i t h  a data system, and t h i s  was used 
t o  s u b t r a c t  t h e  mass spectrum a t  t he  f o o t  o f  each peak j u s t  b e f o r e  i t  began 
t o  e l u t e ,  o r  j u s t  a f t e r  i t  had done so, f rom the  spectrum recorded as the  max- 
imum of t h e  peak was e l u t e d .  
d i s c  space c o u l d  n o t  be monopolized f o r  cont inued s torage o f  our  da ta  w h i l e  
o t h e r  procedures were t e s t e d  and i n t e r p r e t a t i o n s  worked o u t .  Consequently, 
t h e  raw MS data, massaged as descr ibed above, were repo r ted  f o r  standards and 
unknowns as p r i n t o u t s  t a b u l a t i n g  m/e va lues and r e l a t i v e  i n t e n s i t i e s ,  and com- 

. par isons were made by v i s u a l  i n s p e c t i o n  of t he  p r i n t e d  data. 

OV 101 columns were again 

Such a procedure i s  c e r t a i n l y  a r b i t r a r y ,  b u t  

Resul ts  

On t h e  d r y  b a s i s  the  we igh t  o f  crude o x i d i z e d  coa l  was u s u a l l y  85-105% 
of t h e  we igh t  of raw coa l .  The y i e l d s  o f  d a f  humic ac ids  were i n  t h e  range 
65-90% of drmnf c o a l .  W i t h i n  t h e  range o f  rank s t u d i e d  (78-87% C drmnf), t h e  
y i e l d  tended t o  i nc rease  w i t h  i nc reas ing  rank.  Petrographic  s t u d i e s  o f  t h e  
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oxidized products of three coals  (by Dr. Alan Davis and Mr. Harrey Zeiss ,  t o  
whom we are  indebted) showed t h a t  the v i t r i n i t e s  were grea t ly  a l te red  compared 
w i t h  their appearance i n  t h e  raw c o a l s ,  while s p o r i n i t e  and t h e  inert macerals 
had changed l i t t l e  o r  not a t  a l l .  These apparently unaltered macerals could 
s t i l l  be recognized i n  the NaOH-insoluble mater ia l s .  
were derived very largely from the v i t r i n i t i c  macerals. The y i e l d s  of e t h e r  
soluble  products from the reduct ive degradation were i n  the range 10-40% of 
the weight of humic acids taken; y i e l d s  when the react ion i s  applied t o  s o i l  
humic acids were about 201.1 
coals  tended t o  be somewhat higher than those from Carboniferous coals  of the 
eas te rn  U.S. 

Thus  the  humic ac ids  

Yields from humic acids  from the younger Western 

Chromatograms obtained in the e a r l i e r  phase of the work are  shown i n  
Figures 1 and 2, where the names of compounds ident i f ied,most ly  by co-injec- 
t i o n ,  a r e  entered against  the  corresponding peaks ( t r i v i a l  names a r e  used 
i n  the  f igures  because they a r e  usual ly  shor te r ;  a l i s t  of equivalent sys- 
tematic names i s  given i n  the Appendix. Comparison of the s t r u c t u r e s  w i t h  
I and I1 above will show which may be biological ly  re la ted) .  I t  wi l l  be 
seen t h a t  resolut ion i s  moderately good but tha t  even so a number of major 
peaks are unident i f ied.  

These curves a r e  typical  of what was found f o r  products from the s i x  
coals  studied. All 3 dihydroxy-benzenes were comonly found and 2 of the 
trihydroxy-benzenes. 2,6-Xylenol was frequent ly  found in both the e a r l i e r  
and  l a t e r  work, and was the only one of the s i x  xylenols t o  be ident i f ied .  
Several of the compounds frequent ly  encountered ( v a n i l l i n  and v a n i l l i c  a c i d ,  
syr ingic  aldehyde and acid,  p.  hydroxy-benzoicacid) are well known as de- 
gradation products of l ign in .  A peak i s  seen i n  Figure l l abe l led  2,5-dihy- 
droxy-benzoic acid (2,5-DHBA), and another label led 2,4-, 3 ,4- ,  3,5-dihydro- 
xy-benzoic acid.  Experiments w i t h  known compounds showed t h a t  the l a t t e r  
three isomers could n o t  be resolved under the conditions used. Later work, 
using GC/MS,showed t h a t  of the  three only the 3,4-isomer was i n  f a c t  present ,  
and t h i s  i s  l ign in- re la ted .  However, the 2,5-isomer i s  not ,  though i t  could 
be derived from the A ring of f lavonoids ,  2,3,4-Trihydroxy-benzoic acid has 
no obvious biological  assoc ia t ions ,  t h o u g h  the  3,4,5-isomer ( g a l l i c  ac id)  
occurs widely i n  the  plant kingdom (both isomers were i d e n t i f i e d ) .  

severe  conditions of oxidat ion) ,  some very poorly resolved chromatograms were 
obtained; the products evident ly  of ten represent  very complex mixtures of 
substances. Surpris ingly,  the products from nearly a l l  of the younger west- 
ern coals  were resolved poorly or  very poorly, while the resolut ion of those 
from the In te r ior  and Eastern provinces ranged from mediocre t o  good. Rep- 
resenta t ive  examples of each type a r e  shown i n  Figures 3 and 4.  The resolu-  
t ion i n  Figure 3 i s  so bad t h a t  one might question whether any ident i f ica t ions  
are possible. In Table 1 ,  we have assembled d e t a i l s  of the mass spectra  of  
four  substances alleged t o  be ident i f ied  from the GC/MS run shown i n  Figure 3 ,  
w i t h  d e t a i l s  of the spectra  of the s tandards.  
good, and the ident i f ica t ions  a re ,  taken w i t h  matching of re ten t ion  times, 
reasonably secure. When resolut ion i s  b e t t e r ,  as i n  Figure 4,  one can sure ly  
be confident i n  the ident i f ica t ions ;  examples of the correspondence of mass 
spectral  data a re  shown i n  Table 2. 

When, l a t e r ,  a wider range of samples was studied (with somewhat more 

The agreement is surpr i s ing ly  
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I t  should be added t h a t  even when the GC/MS system i s  used, many promi- 
nent peaks remain unident i f ied.  
m/e=73 i n  the corresponding mass spec t ra ,  so t h a t  they evident ly  contained 
the t r imethyls i lyl  group and were therefore  phenols or  acids  o r  both. 

In considering the or ig in  of the substances shown as ident i f ied  i n  
Figures 1-4, one must assume w i t h  bituminous coals  t h a t  carboxylic acid groups 
r e s u l t  e n t i r e l y  from the performic acid oxidation. There is  every reason t o  
suppose t h a t  some of  the hydroxyl groups were present  as  such i n  the raw coa ls ,  
but one must necessar i ly  enquire t o  what extent  i s  new OH introduced by the 
oxidation (performic acid i s  a known reagent f o r  converting alkenes t o  epox- 
ides  and cleaving them; t h i s  process occurs by a concerted e l e c t r o p h i l i c  
mechanism. 
f e r e n t  and m i g h t ,  f o r  example, follow a f r e e  radical  mechanism). 

The substances named in  Figures 1-4 can be a r b i t r a r i l y  c l a s s i f i e d  as 
follows: ( 1 )  "non-committal" substances - those l i k e  phenol, p. cresol and 
benzoic ac id ,  whose s t r u c t u r e s  a r e  r e l a t i v e l y  simple and contain no obvious 
clues  t o  or ig in ,  (2)  those whose s t ruc tures  could obviously be related to  
biological precursors ,  such a s  v a n i l l i c ,  syr ingic ,  f e r u l i c  and other  subs t i -  
tuted cinnamic a c i d s ,  (3)  those whose s t r u c t u r e s  a re  r e l a t i v e l y  complex b u t  
do not display any obvious associat ion with biological precursors, such as  
the dimethyldihydroxybenzene shown in Figure 1 (isomers not i d e n t i f i e d ) .  Of 
these c lasses ,  (1)  requires  no fur ther  comment here, while ( 3 )  presumably 
may include - o r  cons is t  l a rge ly  of - compounds whose OH groups are  an arte- 
f a c t  of the oxidat ion process. 
a r e  the compounds of c l a s s  ( 2 )  chemical f o s s i l s  o r  a r t e f a c t s ?  

Many of t h e  substances ident i f ied  have methoxyl groups i n  the 3-position 
o r  the 3,5-posi t ions,  as i n  l ign ins .  These groups could hardly have been 
introduced by the performic acid oxidat ion,  and therefore  indicate  a chemical 
f o s s i l  s t a t u s  f o r  the substances. O n  the other  hand, Blom e t  a l . 4  s t a t e  t h a t  
methoxyl groups a r e  eliminated by metamorphism i n  the subbituminous range. 
must admit t h a t  the s t ruc tures  we ident i fy  as methyl phenyl e thers  represent  
a small weight f r a c t i o n  of t h e  whole coa ls :  but can a l s o  point  out t h a t  Blom 
e t  a l .  present no evidence t h a t  the Zeisel procedure, which they used i n  t h e i r  
analyses, was completely e f f e c t i v e  (the reagent HI may not have penetrated 
the pore s t r u c t u r e  f u l l y ) ,  o r  even t h a t  i t  produced w i t h  coals  the r e s u l t s  
found with simple compounds. Whatever the mechanism of the  performic acid 
oxidation w i t h  c o a l s ,  one would expect t h a t  i f  i t  introduces new OH groups, 
more than one isomer would usual ly  be produced. Therefore, where a peak i n  
the chromatograms was i d e n t i f i e d  as due  t o  a l ign in- re la ted  substance l ike  
vani l l in  o r  c a f f e i c  acid,  the mass spectra  corresponding t o  neighboring chro- 
matographic peaks were carefu l ly  examined t o  determine whether they could 
represent  spectra  of posi t ion isomers. Such isomers were r a r e l y  detected.  
On the other  hand, some of the re la t ive ly  complex substances not obviously 
related t o  biological  precursors evident ly  did have i s m e r s  present. 

We conclude t h a t  some of the OH groups i n  the  products may well have 
been introduced by the performic acid oxidat ion,  but t h a t  most of the substances 
of s t ruc ture  r e l a t e d  t o  l ign ins  were probably not a r t e f a c t s .  

composition of whole coals ,  must be l e f t  f o r  discussion in a l a t e r  paper when 
a more complete set of data  can be presented. 

However, many of these showed fragments of 

However, the mechanism of a t t a c k  on coals could be q u i t e  d i f -  

This leaves open the quest ion,  t o  what extent  

We 

The quest ion,  t o  w h a t  extent  do the f indings reported here r e l a t e  t o  the 

In concluding t h i s  paper, we 
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should draw a t t e n t i o n  t o  sane i m p l i c a t i o n s  o f  t h e  f i n d i n g s ,  i f  t h e  p r o v i s i o n a l  
assumption can be made t h a t  t h e  f i n d i n g s  do indeed have re levance t o  t h e  s t r u c -  
t u r e  of v i t r i n i t e  macerals i n  coals: 

1. o-Di hydroxybenzenes, and s t i  11 more t r i  hydroxybenzenes, a r e  n o t o r i o u s l y  
e a s i l y  ox id ized.  This ,  if such s t r u c t u r e s  a r e  indeed present  i n  v i t r i n i t e s ,  we 
cou ld  e x p l a i n  why i t  i s  so d i f f i c u l t  t o  n i t r a t e  o r  s u l f o n a t e  coa ls ,  even w i t h  
m i l d  reagents, w i t h o u t  accompanying ox idat ion3,  and a l s o  why c o a l s  so r e a d i l y  
o x i d i z e  i n  weather ing.  P a r t i a l l y  methy lated polyphenols  a r e  l e s s  r e a c t i v e ,  b u t  
s t i l l  q u i t e  r e a d i l y  s u s c e p t i b l e  t o  o x i d a t i o n .  

and o t h e r  elements. 
i v a t i v e s ,  bu t  t h e r e  seems no reason why they should n o t  be capable o f  c h e l a t i o n .  

During c a t a l y t i c  hydrogenation o f  coa ls  o f  any rank t o  l i q u i d  f u e l s ,  
under cond i t i ons  t h a t  g i v e  h igh  conversion, a s u b s t a n t i a l  f r a c t i o n  o f  t h e  oxygen 
i s  removed. However, i n  i n t e r a c t i o n s  o f  coal  w i t h  hydrogen donor s o l v e n t  a lone,  
o r  i n  a p p l i c a t i o n s  o f  t h e  SRC process, oxygen removal i s  l e s s  complete and the 
products  may r e t a i n  o.dihydroxybenzene s t r u c t u r e s ,  a p o i n t  perhaps wor thy o f  n o t e  
by those concerned w i t h  t h e  composi t ion o f  coal  l i q u i d s .  

o f  coals  i n  t h e  i o n i z a t i o n  chamber o f  a t i m e - o f - f l i g h t  mass spectrometer, homo- 
logous s e r i e s  o f  what appeared t o  be dihydroxybenzenes were noted5. The technique 
cou ld  n o t  d i s t i n g u i s h  p o s i t i o n a l  isomers, b u t  t h e  f i n d i n g  i s  suggestive.when taken 
w i t h  t h e  data i n  t h i s  paper. 

2 .  Ortho - dihydroxybenzene d e r i v a t i v e s  a re  capable o f  c h e l a t i n g  boron 
Less i n f o r m a t i o n  i s  a v a i l a b l e  about o.hydroxy-methoxy der- 

3. 

I t  i s  wor th n o t i n g  here t h a t  i n  a s tudy o f  t h e  products  o f  l a s e r  p y r o l y s i s  

Acknowledgements 

The authors a r e  indebted t o  M r .  David Hindenlang and Dr .  L a r r y  Hendry f o r  
ass is tance w i t h  o b t a i n i n g  GC/MS data.  They a re  a l s o  g r a t e f u l  t o  D r .  W i l l i a m  
Spackman f o r  f u l l y  cha rac te r i zed  coa l  samples f rom t h e  Penn State/ERDA Coal 
Sample Base assembled under h i s  d i r e c t i o n .  

References 

1. Burges, M. A., Hurst ,  H. M., and Walkden, S. B., Geochim. e t  Cosmochim. 
Acta, 8, 1547 (1964). 

2. F la ig ,  W. ,  in "Coal Science", Adv. i n  Chem. Ser ies  No. 55, Amer. Chem. 
SOC., p. 58 (1966). 

3. Given, P. H., Brown, J. K. ,  Lupton, Vera, and Wyss, W.  F., Proceedings 
o f  I n s t i t u t e  o f  Fuel Conference, "Science i n  t h e  Use of Coal", S h e f f i e l d ,  p.A-38 
(1958). 

4. Blom, L., Edelhausen, L., and van Krevelen, D. W., Fuel 36, 135 (1957); 
- 38, 537 (1959). 

5. Vastola, F. J., Pirone, A. J., Given, P. H., and Dutcher, R. R., in 
"Spectrometry o f  Fuels", ed. Friedel., R. A,, Plenum, New York, p .  29 (1970). 

17 3 



i 
Syringic acid 

Syringic aldehyde 
Phloroglucinol 

\ - F Vanillin - 

c 

-Phenol 
7 - - / 

i 
U 
0 0 

s U 
W Y) 

0 
=E 0 

U 

W 

b- 
4 

a 
E 
2 

2 a 
W 0 

II‘ 

e 

E 
‘ao 
E 

- 3SNOdS3M M3aM033M 

I 

174 



2 , 3 ,  4 - THBA 

Syringic acid 

2,4-,3,4-,3,5 - DHBA 
2 5 ; DHBA. 
\ianillic acid 

Syringic aldahyde 
Phloroglucinol 
p. HBA 

Pyrogallol 
DimethyldihydroXY benzene Vanillin 

2 Me Resorcinol 
Orcinol 
Hydroquinone 
Resorcinol 

Pyrocatechol 

- 

- 3SNOdS3kl13IlMO33M 

175 

N 
al 

= M 

LL 
.- 



Lu 
In 

Figure 3. TOTAL ION CURRENT CHROMATOGRAM OF DEGRADATION PRODUCTS 
(AS TMS DERIVATIVES) FROM RED SEAM (HVC), KAYENTA, ARIZONA 
(PSOC 312) 
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Figure 4. TOTAL ION CURRENT CHROMATOGRAM OF DEGRADATION PRODUCTS 
(AS TMS DERIVATIVES) FROM OHIO NO. 1 SEAM (HVC), JACKSON, 
OHIO (PSOC 202) 
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Table 1 
Data f o r  MS Iden t i f i ca t ion  of Substances i n  Degradation Products 

o f  Coal from Black Mesa, Arizona (HVC)(PSOC 312) 

Cinnamic Acid 
m/e Standard Unknown - 

P/P+1 3.98 4.13 
205 100 100 

57 82 86 
45 48 39 

145 27 23 
55 25 20 
89 20 16 
67 18 14 

Vanil l i n  
m/e Standard Unknown - 

p. Hydroxybenzoic acid 
m/e Standard Unknown - 

P/P+1 3.28 2.73 
73 100 100 

193 45 63 
267 44 59 
223 42 56 
45 21 41 
75 15 23 

126 13  17 

p. Hydroxycinnamic acid 
m/e Standard Unknown - 

P/P+1 6.95 5.15 P/P+l 6.00 5.27 
194 100 . 88 13  100 83 
23 83 100 219 76 100 

193 53 45 235 61 79 
209 37 60 
151 29 38 
45 27 33 

165 9 17 

2 93 32 41 
191 21 39 
45 16 25 
75 15 19 

Table 2 

of Coal from O h i o  No. 1 Seam (HVC)(PSOC 202) 
Data f o r  MS Iden t i f i ca t ion  of Substances i n  Degradation Products 

p. Hydroxybenzoic acid 
m/e Standard Unknown - 

P/P+l 3.28 3.18 
73 100 100 

193 45 52 
267 44 48 
223 42 41 
45 21 34 
75 15 19 

126 13 14 

Syringic  acid 
m/e Standard Unknown 

P/P+1 3.72 3.15 
73 100 
45 18 29 

141 15 23 
327 12 19 
312 10 13 

89 10 15 
297 9 10 

Fe ru l i c  ac id  

P/P+1 2.71 2.93 
73 100 100 

m/e Standard Unknown - 

75 48 49 
117 38 35 
225 24 32 
181 22 30 
129 22 25 
297 20 31 
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Appendix. Trivial and Systematic Names of Relevant Phenolic Substances 

resorci no1 

pyrocatechol 

phloroglucinol 

pyrogal lo1 

orcinol 

2-methyl resorcinol 

guaiacol 

vanill in 

vanillic acid 

syringic acid 

cinnamic acid 

ferulic acid 

caffeic acid 

1,3-dihydroxybenzene 

1,2-dihydroxybenzene 

1,3,5-trihydroxybenzene 

1,2,3-trihydroxybenzene 

3,5-dihydroxytoluene 

2,6-dihydroxytoluene 

2-methoxyphenol 

3-methoxy-4-hydroxybenzaldehyde 

3-methoxy-4-hydroxybenzoic acid 

3,5-dimethoxy-4-hydroxybenzoic acid 

phenyl-3-propenoic acid 

3-methoxy-4-hydroxyphenyl-3-propenoic acid 

3,4-dihydroxyphenyl-3-propenoic acid 
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